CRYOCOOLER TESTBED
The cryocooler testbed diagram is shown schematically in Figure  1 and pictorially in Figure  2 . As seen in Figure  2 Figure 2 .
CRYOCOOLER MASS-SPRING MODEL
In this study, a two-mass-spring system model for the cryocooler-balancer was developed to gain insight on the general system dynamic behavior for vibration control, transmitted force, and the design of a soft-mounting cryocooler assembly.
The cryocooler-balancer two-mass-spring system shown in Figure 3 can be mathematically described with the following system of differential equations [ 1]: (3) gives 
From Figure 3 , the transfer function of the transmitted force Ft over F0 is
which is the same as equation (5).
The (cs / kl + 1) _= 1 at the frequencies of interest and for the damping factors anticipated. The cooler mass ratio in our setup is on the order of 10. Varying the cooler damping constant in Figure 4 (b) changes the overshoot of the low-frequency peak but has no other effect. Lowering the natural frequency of the cooler in Figure  4 (c) causes the lowfrequency peak to move down in frequency, and it apparently also changes the damping of this peak. It is evident from Figure 4( . Below the resonance in Figure 5 , the phase changes from 0 to 180°, which means that xl and x., move from being in phase to opposing phase in this region. However, Figure 5 shows that the transmitted force is attenuated the same way on both sides of the resonance. The vibration force is calculated as
where a is the acceleration in g shown in Figures 7 to 9. With the cooler weight m] = 2.5 kg, the vibration force for the AVRC case in Figure 9 at the fundamental frequency is F01 = 2.5 kg (9.8m /sec 2 ) logt0 (-27 / 20) = 1.1 N
and total force generated is 
